ABSTRACT Duck meat sausages were prepared using 10% beef fat (FDS) and 10% hydrated cereal flours including rice (RDS), wheat, corn, millet, and barley to replace fat. Control duck sausages (DS) were also prepared only with duck meat and duck meat plus 10% beef fat. Results showed that protein and fat contents significantly decreased and total expressible fluid reduced with the addition of cereal flours in duck sausage batters. The FDS had higher fat content and lower pH compared with others. Duck sausages with 10% supplemented wheat flour showed the lowest cooking loss among sausages and had similar redness and chroma values to FDS and DS. Texture analysis indicated that hardness of duck sausage significantly decreased when cereal flours and beef fat were added. In particular, RDS showed the lowest values for all texture measurements compared with others. Result of moisture absorption capacity suggested that the decrease in hardness in RDS was due to higher moisture retention for rice flour treatment. Sensory evaluation indicated that DS had significantly lower overall acceptability than RDS, due to its off-flavor, whereas RDS had higher overall acceptability than DS.
INTRODUCTION
Some dietary fat is essential for maintenance of good health because fats supply energy and essential fatty acids to promote absorption of fat-soluble vitamins A, D, E, and K. Most people are aware that high levels of saturated fat and cholesterol in diet are linked to increased blood cholesterol levels and heart diseases. As such, health organizations all over the world are promoting lower intake of total dietary fat and saturated fatty acids as a mean to minimize cardiovascular heart diseases (Cengiz and Gokoglu, 2007) . Current health concerns have investigated numerous research projects on different types of foods and their constituents to determine whether certain food intakes should be increased, limited, or avoided to prevent heart and other diseases. Particular attention has focused on health problems associated with fat content in food, and consumers are looking for no-fat or low-fat meat products (Miller and Groziak, 1996) . With excessive fat reduction, however, the desired flavor and texture of the products can be affected, resulting in decreased demand by consumers.
In recent years, cereals and their ingredients have been accepted as functional foods, primarily due to constant promotion of dietary fiber, proteins, energy, minerals, vitamins, and antioxidants required for human health. Cereals possess dietary fiber such as β-glucan and arabinoxylan and carbohydrates such as resistant starch and oligosaccharides (galacto-and fructooligosaccharides; Ötles and Cagindi, 2006) . It has been reported that carbohydrate-based fat substitutes from plant polysaccharides such as fibers and starches can retain moisture and provide textural qualities that are usually provided by fat (Wylie-Rosett, 2002) . However, different types of carbohydrate-based substitutes will have varying influence on final flavor profile of a product (Lucca and Tepper, 1994) .
All segments of the meat industry are attempting to market low-fat products and offer a wider variety of products. Sausages made from beef and pork are available in the market, whereas studies on sausages made from chicken have also been conducted by many researchers (Mielnik et al., 2002; Ahhmed et al., 2007) . However, duck meat products do not receive enough attention by researchers. Duck is still very popular and in strong demands in many areas of the world, especially in Asia. The aim of the present study was to investigate how the quality and textural properties of low-fat sausages made from duck meat could be affected by addition of different cereal flours as texture-modifying agents, on the preparation of low-fat sausages, and to determine the addition of 10% cereal flour that produced the highest consumer acceptability.
MATERIALS AND METHODS

Sausage Preparations
Duck meat and cereal flours including rice, wheat, and corn were purchased from a local market and stored in a cold room at 4°C. Millet and barley grain were purchased and ground to flour in a grinding mill. Duck meat was trimmed to remove visible fat before grinding through a 3-mm plate. Average pH of duck meat was 5.86, whereas the moisture content of all cereal flours was adjusted to 73%, to match the moisture content of duck meat. These steps were taken to ensure that any differences observed for the added flour would not be biased due to different moisture contents in the finely minced duck meat. Sausage batches were prepared in a cold room at 4°C, and the exact formulations are shown in Table 1 . Duck meat was added with 10% (wt/wt) rice flour (RDS), wheat flour (WDS), corn flour (CDS), millet flour (MDS), and barley flour (BDS). Two control sausages were also prepared using only duck meat (DS) and 10% (wt/wt) beef fat (FDS). For each batch of sausage, all ingredients were mixed and homogenized in a silent cutter (AS-30, Ramon, Oiartzun, Spain), and the final temperature was maintained below 15°C. The sausage batter was stuffed into synthetic cellulose casings (approximate diameter of 30 mm) using a stuffer (H15, TALSA, Zaragoza, Spain). The sausages were then held for 24 h at 4°C to allow the ingredients to equilibrate. Samples were then cooked for 30 min in a steam chamber (SAA10, Absury, Berlin, Germany) until the center temperature of the sausages reached 80°C.
Proximate Composition
The proximate composition analysis of cereal flour and sausage batters, including moisture, CP, crude fat, and crude ash, were determined according to AOAC methods 950.46, 992.15, 985.15, and 920.153 for sausage batter and methods 925.09, 954.01, 920.39, and 923.03 for cereal, respectively (AOAC, 2000) . Carbohydrate content was calculated using the following equation: carbohydrate content = 100% − (moisture + protein + fat + ash). Moisture, protein, fat, and ash parameters were determined in triplicate from samples.
pH Measurement
To measure pH, sausage batter or sausage samples (3 g) were initially homogenized using a polytron homogenizer (T25basic, IKA, Selangor, Malaysia) with distilled water (27 mL) before pH was measured using a pH meter (MP230, Mettler Toledo, Toledo, OH). The pH meter was calibrated daily using standard buffers of pH 4.0 and 7.0 at 25°C.
Color Analysis
The surface color (International Commission on Illumination L*, a*, b*) of cooked sausage samples were measured using a Minolta Chromameter (Minolta CR 301, Tokyo, Japan) standardized with a white plate (Y = 93.5; X = 0.3132; y = 0.3198). Five random readings were taken from each sausage type. Furthermore, metric chroma (c*) and metric hue-angle were calculated by the following formulas: c* = (a* 2 + b* 2 ) 1/2 and hue = tan −1 (b*/a*).
Emulsion Stability (Total Expressible Fluid)
Emulsion stability, as total expressible fluid (TEF), was measured following the procedure of Hughes et al. (1997) . Twenty-five grams of raw emulsion was placed in a centrifuge tube (3 replicates per formulation) and centrifuged at high speed (4,000 × g for 1 min) at 4°C. The samples were then heated in a water bath for 30 min at 70°C followed by centrifugation at 4,000 × g for 3 min. The pelleted samples were removed and weighed and the supernatants were poured into preweighed crucibles and dried overnight at 100°C. The volumes of TEF were calculated as follows: TEF = (weight of centrifuge tube and sample) − (weight of centrifuge tube and pellet) % TEF = TEF/sample weight × 100. 
Cooking Loss
The loss due to cooking was determined for each treatment-replication combination. Weights of uncooked and cooked sausages were recorded (Boles and Swan, 1996) . The cooking yield was calculated as follows:
Cooking loss (%) = cooked weight/uncooked weight × 100.
Texture Profile Analysis
Texture profile analysis was performed on an Instron Universal Testing Machine (model 3343, Norwood, MA). Five cooked sausage cores (diameter 2.5 cm, height 2.0 cm) per treatment were axially compressed to 70% of their original height. Force versus time curves were obtained with a 98-N load cell applied at a crosshead speed of 100 mm/min. The textural attributes of hardness, cohesiveness, springiness, gumminess, and chewiness were calculated from the curve (Bourne, 1978) .
Water Adsorption Capacity
Water adsorption capacity measurements were conducted using cooked hydrated flours following procedures described by Yang et al. (2007) . All flours were hydrated to produce 73% water and then cooked at 70°C for 30 min. All samples were then frozen at −70°C (Clean Vac 8, Biotron, Gangneung, Korea) and freezedried for 5 d. Dried samples (approximately 1 g each) were placed in polystyrene weighing dishes (0.0508 m 2 , Fisher Scientific Co., Pittsburgh, PA) and further dehydrated in a vacuum desiccator over P 2 O 5 for 5 to 7 d until constant weight was attained. The dehydrated samples were equilibrated at 25°C in sealed chambers over various saturated salt solutions with known relative vapor pressures: P 2 O 5 (0), LiCl (0.11), KCH 3 (0.23), MgCl 2 (0.33), K 2 CO 3 (0.43), Mg (NO 3 ) 2 (0.53), KI (0.69), (NH 4 ) 2 SO 4 (0.81), and KNO 3 (0.93). Equilibrium moisture content (EMC; g of H 2 O/g of solid) was calculated from the weight gain after no further change in weight had occurred. Triplicate samples from each treatment were measured.
Sensory Evaluations
A sensory panel consisting of students, faculty, and staff of the Gyeongsang National University was used to evaluate sensory characteristics of the sausages. Panelists (at least 75 untrained, randomly chosen individuals) were selected based on their frequency of sausage consumption and willingness to participate in the test. Cooked sausage samples (2.0 × 2.0 × 2.0 cm) from each treatment were placed in covered glass containers and served warm (35°C) to each panelist one at a time. Panelists evaluated a total of 7 samples (2 control, without animal fat and using 10% animal fat, and 5 treatments, using 10% different cereal flours) every week. The samples were transferred to glass containers [Pyrex (Pyrex, Charleroi, PA) with plastic cover] about 30 min before the sensory test started. The panelists evaluated the samples for appearance, color, flavor, offflavor, juiciness, tenderness, and overall acceptability using a 9-point hedonic scale, where 1 was "dislike extremely" and 9 was "like extremely" as described by Carr et al. (1999) . For duck meat sausages, the following score limit was used: color (1 to 3: pale, 4 to 6: normal, 7 to 9: dark), flavor (1 to 3: weak, 4 to 6: moderate, 7 to 9: strong), off-flavor (1 to 3: strong, 4 to 6: moderate, 7 to 9: weak), juiciness (1 to 3: small, 4 to 6: moderate, 7 to 9: large), tenderness (1 to 3: tough, 4 to 6: moderate, 7 to 9: tender), and acceptability (1 to 3: dislike, 4 to 6: moderate, 7 to 9: like).
Statistical Analysis
The experiment was a complete randomized design with 3 replications of batch. Data were analyzed by ANOVA using the SAS program. Duncan's multiple range test was used to determine the statistical significance among the means (SAS, 2002) at a 95% significance level. All data analysis was performed using SAS for Windows, version 9.1 (SAS Institute Inc., Cary, NC).
RESULTS AND DISCUSSION
Proximate Composition of Cereal Flours and Sausage Batters
Moisture content was higher in rice and wheat flour than in corn and barley flour (P < 0.05; Table 2 ). Protein content of the cereals ranged between 6.22 to 9.12%, whereas significantly lower value was found in corn flour than the other cereal. Fat content was significantly higher in corn flour and lower in wheat flour, whereas ash content was lower in corn flour and higher in millet flour (P < 0.05). Carbohydrate and watersoluble vitamin was significantly highest in corn flour (P < 0.05).
The BDS batter containing beef fat showed significantly lower moisture content than other batters (P < 0.05; Table 3 ). The moisture content did not vary significantly among sausage batters with added cereal flours. This indicated that any differences in the physical properties and sensory ratings observed for hydrated cereal flour-added duck sausages would not be caused by different moisture contents. However, protein content differed among the sausage batters and was significantly lower in batters with added cereal flours, except for barley when compared with DS or BDS batters (P < 0.05). As expected, fat content was significantly higher in BDS batter and lower in all sausage batters with added cereal flours (P < 0.05). There was no significant difference in fat content between DS and sausage batters with added cereal flours. In general, the ash content of sausage batters was significantly lower than DS or FDS. The lower ash content in CDS batter compared with other batters may have been due to lower ash content in corn flour than others (Table  2 ). This trend of reducing protein, fat, and ash contents was also found by Yang et al. (2007) when they replaced pork by oatmeal and tofu at 10, 15, and 25%. Sampaio et al. (2004) found reduced fat content in sausages when oat bran, carrageenan, and cassava starch were added to beef frankfurters.
Emulsion Stability, pH, and Cooking Loss of Sausage Batters
Total expressible fluid was significantly increased with addition of beef fat but decreased with addition of cereal flours (P < 0.05). In particular, CDS batter showed the lowest TEF (Table 4 ). This result indicated that TEF of duck sausage batter decreased by addition of cereal flours, and it was influenced by fat content. The DS and FDS batter showed that higher fat content was associated with higher TEF, whereas sausage with fat content, due to added cereal flours, had lower TEF, which was demonstrated in studies by Eilert et al. (1993) and Paneras and Bloukas (1994) . Data in this study confirmed the findings of Bhattacharyya et al. (2007) , who reported that emulsion activity, such as TEF, is directly related to water-holding capacity of proteins in emulsion and is influenced by fat content.
The pH of sausage batters increased with addition of cereal flours but decreased with addition of beef fat. In particular, pH of RDS and CDS batters were significantly higher than those of DS and FDS batters (P < 0.05). However, apart from WDS batter, cooking loss was not significantly different among sausage batters. Cooking loss of WDS batter was significantly lower than those of DS, BDS, CDS, and MDS. These results suggest that although emulsion activity could be decreased, increasing pH prohibits the reduction of added cereal flours. Data also indicated that addition Table 3 . Proximate composition (%) of duck sausage batters with added beef fat and cereal flours Means with different superscripts within a column differ significantly (P < 0.05). 1 DS refers to duck sausage, and FDS, RDS, WDS, CDS, MDS, and BDS refer to duck sausages with 10% supplemented beef fat, rice flour, wheat flour, corn flour, millet flour, and barley flour, respectively. Table 4 . Total expressible fluid (TEF, %), pH, and cooking loss (%) of duck sausage batters with added beef fat and cereal flours Means with different superscripts within a column differ significantly (P < 0.05). 1 DS refers to duck sausage, and FDS, RDS, WDS, CDS, MDS, and BDS refer to duck sausages with 10% supplemented beef fat, rice flour, wheat flour, corn flour, millet flour, and barley flour, respectively. of wheat flour to the batter may not enhance sausage yield.
Color and Textural Properties of Duck Sausages
The lightness (L*) values of WDS, MDS, and BDS were significantly lower than that of DS or FDS (P < 0.05; Table 5 ). Also, apart from wheat, redness (a*) values of duck sausages with added cereal flours, except for wheat flour, were significantly lower than those of DS and FDS (P < 0.05). These results indicate that addition of cereal flours reduces the redness of duck sausage. Yellowness (b*) value was significantly higher in FDS and BDS than MDS, followed by CDS and RDS (P < 0.05). Chroma was the highest in FDS and lowest in MDS, whereas hue (Δh) value was lowest in DS and highest in BDS (P < 0.05). Several authors (Serdaroglu, 2006; Álvarez et al., 2007) observed the correlation between emulsion color parameters, fat, and water losses induced by heat treatment so that cooked losses can be predicted from the change on the lightness. Hale and Querry (1973) suggested that an increase in surface water could decrease meat emulsion redness. Although all duck sausage mixtures were formulated to have similar moisture content, cooking loss of the sausage products showed significant differences. However, the addition of 10% of cereal flour produced less TEF, indicating that the addition of cereal flour is useful in retaining product moisture during cooking.
As expected, the highest hardness value was found in DS, proving that the addition of beef fat or cereal flours significantly reduced hardness (P < 0.05; Table  6 ). Apart from corn flour, the addition of cereal flours achieved softer texture when compared with beef fat (P < 0.05). No significant difference in hardness was found between CDS and FDS. There results indicate that addition of animal fat or cereal flours is useful in preparing a duck sausage with softer textural properties. Cohesiveness of DS was significantly higher than sausages with added cereal flours (P < 0.05). No significant difference in cohesiveness was found between CDS and FDS. There were no significant differences in springiness among all duck sausage samples. Similar to hardness, DS had significantly higher gumminess and chewiness compared with sausages with added beef fat or cereal flours, whereas RDS and BDS exhibited significantly lower gumminess and chewiness (P < 0.05). Similar results were found in pork sausages (Yang et al., 2007) , where hardness, cohesiveness, gumminess, and chewiness were significantly reduced by addition of hydrated oatmeal and tofu. Also, many researchers have found improvement in textural properties of meat products, where reduction of hardness has been achieved with substitutes like oat bran, soy protein, or starch (Ho et al., 1997; Prabhu and Sebranek, 1997; Desmond and Troy, 1998; Dawkins et al., 2001) . Troutt et al. (1992) stated that the decrease in hardness may be associated with the water-binding properties of the added ingredient, such as fiber, starch, and polydextrose.
Data in this study suggested that the softness observed when cereal flours were added was due primarily to higher water absorption capacity of the flours when Table 5 . International Commission on Illumination color measurements and pH of duck meat sausages with added beef fat and cereal flours heated (Figure 1 ). The same trend has been observed in soybean flour (Wu and Inglett, 1974) , peanut flour (Rahman and Mostafa, 1988) , moth bean flour (Pawar and Ingle, 1988) , and velvet bean flour (Ahenkora et al., 1999) . This chemical property is explained by the fact that more water-binding sites become available to dissociated protein subunits upon heat treatment (Pawar and Ingle, 1988) . However, within sausages with added cereal flours, CDS exhibited significantly higher hardness. The moisture absorption capacity of hydrated cereal flours after cooking demonstrated that. At all water activity (a w ) ranges, EMC was lower in corn flour than other flours. This indicates that corn flour achieves the least softness in sausage. Moreover, at the highest a w point (a w = 0.93), the EMC of the flours were in the order of rice, barley, wheat, millet, and corn. This order was similar while measuring hardness (Table 6 ) from lower to higher value within sausages with added cereal flours.
Sensory Evaluation
Panelist responses indicate that MDS had significantly better color, although a* value was lower than other sausages (Table 7) . Better color evaluation of MDS may be related to lower yellowness and chroma values compared with other sausages (Table 6) . No significant differences in flavor were found among all sausages. However, significantly higher off-flavor than other treatments was observed by the panel in DS (P < 0.05). Significantly lower off-flavor was found in sausages with added cereal flours, whereas juiciness did not show significant differences among all sausages. Tenderness of DS was significantly lower than RDS and MDS (P < 0.05). Consequently, overall acceptability of RDS was significantly higher than DS (P < 0.05). Increasing acceptability of sausages supplemented with various cereal products. Chang and Carpenter (1997) found that the addition of water and oat bran significantly reduced hardness and enhanced juiciness. Lean pork sausage, with 1.5% carrageenan, had better sensory scores for juiciness and tenderness when compared with either lowfat or full-fat controls (Huffman et al., 1992) . Yang et al. (2007) also found significantly better sensory scores in pork sausages when oatmeal and tofu at 10, 15, and 25% were used. In this study, the higher acceptability of RDS may be related to enhanced tenderness and higher preference of rice than other cereals. This result indicated that various cereal product supplementation could increase acceptability. Also, it could be possible that the higher acceptance of duck sausage with added rice flour may be related to the eating habits of the study region. Because rice is the dominant food crop in Asia (Cantrell and Hettel, 2004) , the Asian continent, where 56% of humanity lives, produces and consumes around 92% of the world's rice (Papademetriou, 1999) . Moreover, rice has been shown to increase the yield and juice retention of meats (Huang et al., 2005) . Our results suggest that low-fat duck sausage, which is highly acceptable in Asia, could be made with rice flour. Also, the addition of all cereal flour sausages and 10% animal fat sausage had better acceptability scores for flavor and texture characteristics when compared with low-fat control. All cereal flours can be used successfully as a fat substitute in low-fat duck sausages. Means with different superscripts within a column differ significantly (P < 0.05). 1 DS refers to duck sausage, and FDS, RDS, WDS, CDS, MDS, and BDS refer to duck sausages with 10% supplemented beef fat, rice flour, wheat flour, corn flour, millet flour, and barley flour, respectively.
In conclusion, fat and protein contents of duck sausage were reduced by addition of various cereal flours. Addition of cereal flours also reduced hardness, cohesiveness, gumminess, and chewiness of sausages, with the highest reduction values being attributed to the addition of rice flour. Sensory evaluations indicated that acceptability of duck sausages could be enhanced by addition of cereal flours. In particular, the addition of rice flour increased overall acceptability with improvement in texture attributes. This study demonstrates that a desirable low-fat duck sausage can be produced if 10% of meat content is replaced with cereal flours, thereby reducing the off-flavor associated with pure duck meat. Among the cereal flours, rice flour was shown to be the most desirable.
